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Abstract	26	 Embodied	cognition	frameworks	suggest	a	direct	link	between	sensorimotor	experience	27	 and	cognitive	representations	of	concepts	(Shapiro,	2011).	In	the	present	experiments,	28	 we	examined	whether	this	holds	also	true	for	abstract	concepts	that	cannot	be	directly	29	 perceived	with	the	sensorimotor	system,	as	for	example	temporal	concepts.	To	test	this,	30	 participants	 learned	 object	 –	 space	 (Exp.	 1)	 or	 object	 –	 time	 (Exp.	 2)	 associations.	31	 Afterwards,	participants	were	asked	to	assign	the	objects	to	their	location	in	space/time	32	 meanwhile	 they	 walked	 backward,	 forward,	 or	 stood	 still	 on	 a	 treadmill.	 We	33	 hypothesized	that	walking	backward	should	facilitate	the	on-line	processing	of	”behind”-	34	 and	 “past”-related	 stimuli,	 but	 hinder	 the	 processing	 of	 “ahead”-	 and	 “future”-related	35	 stimuli,	 and	 a	 reversed	 effect	 for	 forward	 walking.	 Indeed,	 results	 showed	 a	 similar	36	 interaction	 for	 spatial	 and	 temporal	 concepts:	 “Ahead”-	 and	 “future”-related	 stimuli	37	 were	 processed	 slower	 during	 backward	walking.	 During	 forward	walking	 and	 in	 the	38	 control	 condition,	 all	 stimuli	 were	 processed	 equally	 fast.	 The	 amount	 of	 correctly	39	 assigned	 answers	 did	 not	 differ	 significantly	 between	 conditions.	 The	 results	 provide	40	 partial	evidence	for	the	activation	of	specific	spatial	and	temporal	concepts	by	means	of	41	 directional	 whole-body	 movements	 and	 are	 discussed	 in	 the	 context	 of	 movement	42	 familiarity.		 	43	
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1.	Introduction	44	 	 Embodied	 cognition	 approaches	 suggest	 constitutional	 associations	 between	45	 cognitive	processes	and	concrete	sensorimotor	experience	(Shapiro,	2011).	 In	general,	46	 embodied	 cognition	 approaches	 (for	 an	 overview	 see	 Fischer	&	 Coello,	 2016)	 assume	47	 that	cognitive	processes	are	composed	not	exclusively	in	the	brain,	but	include	the	body	48	 and	its	sensorimotor	processes.	For	 instance,	embodied	cognition	approaches	build	on	49	 the	 idea	 that	 concepts	 (=	 people’s	 representations	 of	 categories,	 e.g.:	 apple,	 house)	50	 develop	 from	 aggregating	 information	 from	 perception,	 action,	 and	 internal	 states	51	 (Barsalou,	 2016).	 It	 follows	 that	when	 investigating	 the	 concept	 of	 an	 apple,	 it	 is	 not	52	 sufficient	to	examine	the	cognitive	processes	and	amodal	information	about	apples	–	but	53	 it	is	also	necessary	to	take	into	account	the	sensorimotor	experience	with	apples.	From	54	 an	embodied	cognition	perspective,	these	sensorimotor	processes	form	our	concepts	in	55	 a	substantial	way.	As	a	consequence,	a	concept	becomes	reactivated	when	an	associated	56	 sensorimotor	or	cognitive	aspect	of	the	concept	is	active	(e.g.	executing	a	movement	as	if	57	 biting	into	an	apple).	In	the	last	decades,	a	huge	amount	of	researchers	dedicated	their	58	 research	 to	 explore	 the	 relationship	 between	 sensorimotor	 processes	 and	 concrete	59	 concepts	 (e.g.,	 Barsalou,	 2008;	 Kalénine,	 Bonthoux,	 &	 Borghi,	 2009;	 Martin,	 2007;	60	 Stanfield	 &	 Zwaan,	 2001;	 for	 an	 overview,	 see	 Meteyard,	 Cuadrado,	 Bahrami,	 &	61	 Vigliocco,	 2012).	 Although	 empirical	 evidence	 for	 links	 between	 actions	 and	62	 representations	of	concrete	concepts	has	been	well	established,	the	critical	next	step	for	63	 establishing	an	embodied	approach	of	cognition	would	be	to	explore	whether	abstract	64	 concepts	are	embodied	as	well	(for	initial	empirical	evidence,	see	Casasanto	&	Dijkstra,	65	 2010;	Dijkstra,	Eerland,	Zijlmans,	&	Post,	2014).		66	 	 Per	 definition,	 a	 concrete	 concept	 refers	 to	 something	 that	 is	 present	 in	 the	67	 physical	world,	 such	 as	 an	 apple.	 An	abstract	 concept	 refers	 to	 something	 that	 is	 not	68	
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present	 in	 the	 physical	 world,	 and	 therefore	 not	 directly	 perceivable	 with	 our	69	 sensorimotor	 system,	 such	 as	 the	 concept	 of	 time.	 To	 investigate	 the	 relationship	70	 between	sensorimotor	processes	and	abstract	concepts,	in	the	present	experiments	we	71	 addressed	if	and	how	movements	influence	the	processing	of	two	concepts	that	share	a	72	 common	 mapping	 (Walsh,	 2003),	 but	 differ	 in	 their	 degree	 of	 abstractness	 or	73	 sensorimotor	perceivability	(Kranjec,	2006):	spatial	concepts	and	temporal	concepts.	74	 	 Research	 focusing	 on	 the	 relationship	 between	 spatial	 and	 temporal	 concepts	75	 suggests	a	close	connection	between	both	concepts.	The	theoretical	basis	for	most	of	the	76	 studies	 is	 the	conceptual	metaphor	 theory	(Lakoff	&	 Johnson,	1980),	which	states	 that	77	 abstract	 domains	 or	 so	 called	 target	 domains	 are	 understood	 in	 terms	 of	 other,	more	78	 concrete	 domains	 or	 so	 called	 source	 domains.	 The	 constituent	 elements	 of	 a	 target	79	 domain	 (i.e.,	 time)	 are	 described	 by	 terms	 of	 a	 source	 domain	 (i.e.,	 space).	 This	80	 relationship	between	space	and	time	is	for	example	reflected	in	our	language:	When	we	81	 talk	 about	 time,	we	use	 spatial	 terms	 (e.g.,	 time	 is	passing	by,	we	 are	approaching	the	82	 holidays,	 we	 are	 running	 out	 of	 time).	 It	 has	 been	 suggested	 that	 the	 relationship	83	 between	spatial	and	temporal	concepts	is	not	bidirectional	in	a	symmetric	manner,	but	84	 that	 spatial	 concepts	 influence	 temporal	 concepts	 stronger	 than	 vice	 versa.	 This	85	 asymmetric	 relationship	 has	 been	 shown	 in	 language	 studies	 (e.g.,	 Boroditsky,	 2000;	86	 Casasanto	 &	 Boroditsky,	 2008;	 Casasanto	 et	 al.,	 2010),	 as	 well	 as	 in	 language-free	87	 paradigms	(e.g.,	Casasanto	&	Boroditsky,	2008;	Homma	&	Ashida,	2015)).	88	 	 Besides	studies	with	healthy	participants,	further	evidence	for	a	close	connection	89	 between	spatial	and	temporal	representations	was	provided	with	people	suffering	from	90	 neurological	diseases	(e.g.	Saj,	Fuhrman,	Vuilleumier,	&	Boroditsky,	2013).	For	instance,	91	 in	 neglect	 patients	 Saj	 et	 al.	 (2013)	 examined	 if	 the	 ability	 to	 represent	 space	 is	92	 necessary	for	representing	events	along	a	mental	time	line.	As	neglect	patients	are	not	93	
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aware	of	their	left	side,	and	the	left	side	is	(in	western	cultures)	associated	with	the	past	94	 (Boroditsky,	 2001),	 it	was	hypothesized	 that	neglect	patients	 are	 also	 impaired	 in	 the	95	 processing	of	past-related	stimuli.	To	address	this,	Saj	et	al.	(2013)	invited	patients	with	96	 neglect,	 patients	 with	 a	 stroke	 but	 without	 neglect	 symptoms,	 and	 healthy	 controls.	97	 Participants	were	asked	to	associate	and	memorize	objects	with	either	the	future	or	the	98	 past	(e.g.,	apple	–	past).	Therefore,	 the	stimuli	were	not	 inherently	associated	with	the	99	 future	or	the	past,	but	an	association	with	the	future	or	the	past	was	built	in	a	learning	100	 phase.	 In	 the	 following	 test	phase,	participants	were	asked	 to	 recall	and	recognize	 the	101	 previously	associated	objects.	Results	showed	that	patients	with	neglect	assigned	more	102	 past-related	items	as	being	future-related	than	the	other	two	groups,	providing	evidence	103	 for	 the	 automatic	 mapping	 on	 space	 when	we	 think	 about	 time	 (past	 –	 left,	 future	 –	104	 right).	 In	 sum,	 studies	 from	different	 areas	 such	 as	 language	 (e.g.,	 Eikmeier,	 Schröter,	105	 Maienborn,	Alex-Ruf,	&	Ulrich,	 2013;	Matlock,	Ramscar,	&	Boroditsky,	 2005),	 gestures	106	 (e.g.,	Walker	&	Cooperrider,	2015)	or	child	development	(e.g.,	Casasanto,	Fotakopoulou,	107	 &	Boroditsky,	2010)	provide	evidence	for	a	strong	connection	between	concrete	spatial	108	 and	 abstract	 temporal	 concepts,	 supporting	 the	 assumptions	 of	 the	 conceptual	109	 metaphor	theory	(Lakoff	&	Johnson,	1980)	that	abstract	temporal	concepts	are	based	on	110	 more	concrete	spatial	concepts.	111	 	 Despite	 accumulating	 evidence	 showing	 that	 abstract	 temporal	 concepts	 are	112	 grounded	in	more	concrete	spatial	concepts,	the	logical,	critical	question	remains	to	be	113	 answered:	 Do	 concrete	 movements	 influence	 related	 spatial	 and	 temporal	 concepts?	114	 Based	on	the	conceptual	metaphor	theory	as	well	as	embodied	cognition	accounts,	 the	115	 prediction	would	be	yes.	The	theoretical	argumentation	is	that	spatial	concepts	emerge	116	 by	moving	in	and	interacting	with	the	spatial	environment	and	that	temporal	concepts	117	
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are	 therefore	built	on	spatial	concepts.	Consequently,	movements	should	 influence	the	118	 processing	of	spatial	concepts	as	well	as	the	processing	of	temporal	concepts.		119	 	 Besides	 the	 theoretical	 argumentation	 for	 the	 effects	 of	 movements	 on	 spatial	120	 and	 temporal	 concepts,	 the	 empirical	 literature	 addressing	 either	 one	 of	 the	 concepts	121	 might	provide	hints	on	the	nature	of	the	complex	relationship	of	both	concepts.	To	start	122	 with	 the	 relationship	 between	 movements	 and	 spatial	 concepts,	 Tower-Richardi,	123	 Brunyé,	Gagnon,	Mahoney,	and	Taylor	(2012)	exemplarily	examined	if	abstract	concepts	124	 modulate	 the	 trajectories	 of	 hand	 movements.	 To	 this	 end,	 the	 authors	 combined	125	 abstract	 spatial	 primes	 (e.g.,	 NORTH)	 with	 concrete	 spatial	 targets	 (UP)	 and	 tested	126	 whether	these	primes	influenced	participants’	hand	trajectories	towards	the	according	127	 spatial	location.	Results	indicated	the	manifestation	of	spatial	concepts	in	movements	in	128	 form	 of	 biased	 movement	 trajectories	 in	 incongruent	 trials	 (e.g.,	 NORTH	 –	 LEFT).	129	 Further	 evidence	 suggests	 that	 these	 effects	 are	 not	 bound	 to	 spatial	 location	 tasks	130	 (Tower-Richardi	 et	 al.,	 2012),	 as	 the	 same	 pattern	 has	 been	 shown	 for	 spatial	131	 perspective-taking	 tasks	 (Tversky	 &	 Hard,	 2009),	 and	 tasks	 that	 measure	 language-132	 space	associations	(Dudschig,	de	la	Vega,	&	Kaup,	2015).	133	 	 Next	to	evidence	for	the	relation	between	movements	and	spatial	concepts,	there	134	 is	first	evidence	for	a	relation	between	movements	and	temporal	concepts.	An	influence	135	 of	passive	whole-body	movements	on	temporal	concepts	was	shown	by	Hartmann	and	136	 Mast	 (2012).	 In	 their	 study,	 participants	 sat	 in	 an	 apparatus	 that	moved	 them	 either	137	 forward	 or	 backward,	meanwhile	 they	were	 asked	 to	 respond	 to	 time-related	 stimuli	138	 (e.g.	World	War	 II,	 holidays	on	Mars).	Results	 showed	 that	 future-related	words	were	139	 processed	 faster	during	 forward	movement	 than	during	backward	movement,	 thereby	140	 providing	 evidence	 for	 an	 influence	 of	 passive	 whole-body	 movement	 on	 temporal	141	 concepts.	In	addition	to	the	influence	of	passive	movement	on	time-related	stimuli,	also	142	
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the	 influence	of	active	movement	on	 time-related	stimuli	 (Dijkstra,	Kaschak,	&	Zwaan,	143	 2007),	 as	well	 as	 the	 influence	of	 time-related	 stimuli	 to	movement	parameter	 (Miles,	144	 Nind,	&	Macrae,	2010,	but	 see	also	Stins,	Habets,	 Jongeling,	&	Cañal-Bruland,	2016)	 is	145	 reported.	 Although	 there	 is	 first	 evidence	 for	 an	 impact	 of	 movement	 on	 temporal	146	 representations	 (and	 vice	 versa),	 strong	 conclusions	 cannot	 be	 drawn	 based	 on	 the	147	 paucity	of	research	on	this	matter.		148	 	 To	 summarize,	 although	 there	 is	 evidence	 in	 the	 literature	 that	 spatial	 and	149	 temporal	concepts	are	closely	connected	(e.g.,	Eikmeier	et	al.,	2013;	Matlock	et	al.,	2005;	150	 Walker	 &	 Cooperrider,	 2015),	 the	 question	 under	 which	 conditions	 movements	151	 influence	 abstract	 concepts	 remains	 to	 be	 determined.	 Further,	 combining	152	 investigations	 that	 integrate	 and	 differentiate	 the	 effects	 of	 movement	 on	 spatial	153	 concepts,	and	the	effects	of	movement	on	temporal	concepts	are	theoretically	important.	154	 For	instance,	if	movement	has	an	impact	on	spatial	but	not	on	temporal	concepts,	on	a	155	 theoretical	 level,	 the	 basic	 assumptions	 of	 conceptual	 metaphor	 theory	 (Lakoff	 &	156	 Johnson,	1980)	and	embodied	cognition	approaches	(Shapiro,	2011)	would	need	to	be	157	 further	specified.			158		 	 To	answer	the	question	if	movements	influence	spatial	and	temporal	concepts,	a	159	 combined	 investigation	of	 the	 influence	of	movements	on	spatial	and	temporal	concepts	160	 seems	 of	 utmost	 importance.	 So	 far,	 however,	 studies	 individually	 investigated	 either	161	 the	 relation	 between	 movements	 and	 spatial	 concepts	 (e.g.,	 Dudschig	 et	 al.,	 2015;	162	 Tower-Richardi	et	al.,	2012;	Tversky	&	Hard,	2009),	or	(to	a	much	smaller	extent)	 the	163	 relation	between	movements	and	temporal	concepts	(Dijkstra	et	al.,	2007;	Hartmann	&	164	 Mast,	 2012).	 Therefore,	 the	 purpose	 of	 the	 present	 paper	 is	 to	 address	 this	 gap	 by	165	 investigating	 both,	 the	 influence	 of	 movements	 on	 spatial	 concepts	 as	 well	 as	 the	166	 influence	 of	movements	 on	 temporal	 concepts.	 In	 the	 present	 study,	 a	modal	 priming	167	
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approach	 (Körner,	 Topolinsky,	 &	 Strack,	 2015)	 is	 used	 to	 investigate	 if	 directional	168	 movements	 prime	 specific	 spatial	 (“ahead”,	 “behind”)	 and	 temporal	 (“future”,	 “past”)	169	 concepts.	To	keep	the	perception	of	optic	flow	constant	and	examine	only	the	effects	of	170	 proprioceptive	 information	 of	 the	 walking	 movement,	 participants	 walked	 on	 a	171	 treadmill.		172	 	 One	difficulty	when	comparing	how	directional	movements	prime	specific	spatial	173	 and	 temporal	 concepts	 is	 that	 spatial	 and	 temporal	 stimuli	 inherently	 differ	 in	 their	174	 sensory	features,	which	is	a	confounding	factor	when	comparing	response	times	(Myers	175	 &	DeWall,	2015).	 	For	example,	 if	 the	 temporal	 stimuli	are	per	se	 less	salient	 than	 the	176	 spatial	 stimuli,	 a	 valid	 comparison	between	 temporal	 and	 spatial	 stimuli	might	not	be	177	 possible.	In	the	present	experiment	this	problem	is	solved	by	applying	an	experimental	178	 design	that	allows	a	direct	comparison	between	the	influence	of	movements	on	spatial	179	 and	 temporal	 concepts:	 The	 stimuli	 are	 the	 same	 in	 both	 experiments,	 and	 only	 the	180	 corresponding	 association	 (either	 spatial	 or	 temporal)	 differs	 (inspired	 by	 Saj	 et	 al.,	181	 2013).		182	 	 With	 the	 present	 study	 we	 examined,	 based	 on	 the	 basic	 assumption	 of	183	 conceptual	 metaphor	 theory	 (Lakoff	 &	 Johnson,	 1980)	 and	 embodied	 cognition	184	 approaches	 (e.g.,	 Shapiro,	2011),	 if	movements	 influence	 the	processing	of	 spatial	 and	185	 temporal	 concepts.	 If	 movements	 influence	 our	 cognitive	 processing	 of	 time,	 on	 a	186	 theoretical	level	this	would	affirm	the	assumption	that	sensorimotor	processes	influence	187	 the	 cognitive	 processing	 of	 abstract	 concepts.	 On	 a	 practical	 level,	 it	 may	 then	 be	188	 possible	 to	manipulate	 thinking	about	 the	 future/past	by	means	of	modal	primes:	For	189	 instance,	walking	 forward	might	be	 supportive	 if	we	plan	 a	 future	project,	 or	walking	190	 backward	might	help	to	remember	something	that	happened	in	the	past.		191	
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	 To	 answer	 the	 research	 question	 if	 and	 how	movements	 influence	 both	 spatial	192	 and	temporal	concepts,	we	examined	the	influence	of	whole-body	movements	on	spatial	193	 (SPACE,	 Experiment	 1)	 and	 temporal	 (TIME,	 Experiment	 2)	 concepts.	 	 To	 be	 able	 to	194	 compare	the	influence	of	both	concepts,	we	created	an	experimental	setup,	in	which	the	195	 spatial	 and	 temporal	 experiments	 differed	 in	 only	 one	 critical	 point	 (“10	 years	 in	 the	196	 past/	future”	versus	“10	meter	behind	you/	ahead	of	you”),	while	keeping	the	rest	of	the	197	 experimental	setup	equal.			198	 	 Our	 first	 research	 question	 was,	 if	 spatial	 representations	 are	 activated	 when	199	 executing	a	directional	whole-body	movement	(Experiment	1).	Given	previous	research	200	 on	 congruency	 effects	 between	 real	 movement	 direction	 and	 abstract	 spatial	201	 representations,	 we	 hypothesized	 an	 effect	 of	 movement	 (i.e.	 forward	 walking,	202	 backward	 walking,	 standing)	 on	 abstract	 spatial	 representations.	 During	 forward	203	 walking	we	assumed	ahead-related	stimuli	to	be	remembered	faster	and	with	less	errors	204	 than	 behind-related	 stimuli,	 and	 a	 reversed	 effect	 for	 movements	 in	 a	 backwards	205	 direction.		206	 	 Additionally,	 we	 wanted	 to	 explore	 if	 temporal	 representations	 are	 activated	207	 when	 executing	 a	 directional	whole-body	movement	 (Experiment	 2).	 If	 true,	 then	 the	208	 execution	of	 a	directional	movement	 should	 result	 in	 congruency	effects	between	 real	209	 movement	 direction	 and	 abstract	 temporal	 representation	 (Experiment	 2).	 That	 is,	210	 during	forward	walking	we	assumed	future-related	stimuli	to	be	remembered	faster	and	211	 with	 less	 errors	 than	 past-related	 stimuli,	 and	 a	 reversed	 effect	 for	 movements	 in	 a	212	 backwards	direction.		213	 	214	
2.	Experiment	1	215	
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	 In	Experiment	1,	we	examined	 the	 influence	of	walking	on	 spatial	 concepts.	To	216	 this	end,	in	an	encoding	phase,	participants	learned	object-space	associations	(e.g.,	apple	217	 –	 behind).	 In	 a	 following	 recognition-test	 phase	 participants	 were	 asked	 to	 vocally	218	 assign	 objects	 to	 a	 previously	 learned	 location	 (behind,	 ahead)	 while	 performing	 a	219	 whole-body	 movement	 condition.	 The	 procedure	 of	 encoding-	 and	 recognition-test	220	 phase	 was	 repeated	 three	 times,	 with	 three	 different	 movement	 conditions	 (walking	221	 forward,	walking	backward,	or	standing	on	a	treadmill).		222	
	223	
2.1	Method	224	
	 2.1.1	Participants.	225	 A	priori	Gpower	analysis	for	the	analysis	of	response	times,	with	an	estimated	effect	size	226	 of	 f	 =	 .25	 (assuming	 a	 small	 effect	 of	 the	 first	 within-factor	 Condition	 of	 η	 =	 .03	 and	227	 adjusting	 the	 f-value	 by	 integrating	 the	 second	within-factor	 Response;	 Rasch,	 Friese,	228	 Hofmann,	&	Naumann,	2014),	an	alpha	=	 .05	and	a	recommended	power	=	0.8	(Cohen,	229	 1988)	revealed	a	required	sample	size	of	N	=	28.		230	 	 All	 participants	 were	 included	 in	 the	 analysis	 of	 response	 accuracy.	 For	 the	231	 analysis	 of	 response	 times,	 some	participants	did	not	 reach	 the	 established	 threshold,	232	 meaning	 more	 than	 five	 correct	 answers	 per	 Response	 (“ahead”,	 “behind”)	 and	233	 Condition	 (forward,	 backward,	 standing),	which	 resulted	 in	 a	 relatively	 high	 drop-out	234	 rate.	To	ensure	data	quality	for	the	analysis	of	the	response	times,	we	decided	to	invite	235	 more	participants	into	the	lab,	until	the	required	sample	size	would	be	achieved.		236	 	 The	total	sample	was	therefore	57	participants	(37	female),	whereas	28	had	to	be	237	 excluded	 from	 the	 analysis	 of	 response	 times	 due	 to	 failure	 to	 comply	 with	 task	238	 performance	 required.	 The	 mean	 age	 of	 the	 participants	 was	 22.7	 years	 (SD	 =	 3.2).		239	 Primary	inclusion	criteria	for	the	participants	were	no	health	restrictions	with	regard	to	240	
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their	walking	abilities	(for	security	reasons	in	the	backward	condition)	and	age	between	241	 18	and	65.		242	 	 All	 participants	 provided	 informed	 consent	 and	 were	 free	 to	 withdraw	 from	243	 testing	at	any	time.	The	experiment	was	approved	by	the	ethical	committee	of	the	local	244	 institution.	245	
	246	
	 2.1.2	Apparatus	and	Stimulus.	247	 The	idea	for	the	instruction	and	the	stimuli	was	taken	from	Saj	et	al.	(2013)	with	some	248	 important	 adaptations	 for	 the	 experimental	 examination	 of	 the	 present	 research	249	 question:	 1)	 The	 perspective	 was	 changed	 from	 a	 third-person	 perspective	 to	 an	250	 egocentric	perspective,	due	to	the	fact	that	the	walking	manipulation	also	occurred	from	251	 an	egocentric	perspective.	2)	Stimuli	were	added	 to	 increase	difficulty,	due	 to	 the	 fact	252	 that	 the	 present	 population	 consisted	 of	 healthy	 adults,	 whereas	 Saj	 et	 al.	 (2013)	253	 investigated	neglect	patients.	The	amount	of	stimuli	was	determined	by	a	pilot	study	(N	254	 =	7).	3)	The	stimuli	were	presented	auditorily,	 in	 the	encoding	phase	as	well	as	 in	 the	255	 recognition-test	phase	 (see	Appendix,	Table	1;	20	 foods,	20	clothes,	20	 furniture).	For	256	 this	purpose,	60	objects	with	an	equal	amount	of	letters	were	recorded	and	edited	in	a	257	 way	that	all	stimuli	were	equally	 long	(666	ms).	The	method	of	presenting	 the	stimuli	258	 auditorily	 and	 recording	 vocally	 produced	 answers	 had	 the	 advantage	 that	 any	259	 reference	to	a	spatial	relation	(e.g.	when	lifting	the	arm	or	moving	the	finger	to	press	a	260	 button)	was	omitted.		261	 	 The	stimuli	were	presented	via	a	wireless	headset	(Sennheiser	MB	Pro	2UC).	The	262	 experiment	 was	 run	 using	 Inquisit	 software	 (http://millisecond.com)	 and	 the	 speech	263	 recognition	 was	 done	 using	 the	 Inquisit	 speech	 recognition	 engine.	 The	 targets	 of	264	 interest	 were	 presented	 on-line,	 in	 real-time	 during	 body	 motion,	 meanwhile	265	
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participants	 kept	walking	 forward	or	backward	 (or	 standing)	with	 a	 speed	of	 3	 km/h	266	 (normal	walking	speed,	examined	during	pilot	work)	on	a	standard	treadmill.		267	 	 The	 Vividness	 of	 Mental	 Imagery	 Questionnaire	 (VVIQ2;	 Marks,	 1995)	 was	268	 completed	by	the	participants	after	the	experiment,	because	high	visualizers	have	been	269	 shown	 to	 be	 superior	 in	 short-term	 recall	 of	 concrete	 as	 well	 as	 abstract	 words	270	 (McKelvie	 &	 Demers,	 1979).	 Further,	 a	 sociodemographic	 questionnaire,	 including	271	 relevant	 sociodemographic	 questions,	 was	 administered	 using	 SoSci	 Survey	 (Leiner,	272	 2015)	and	completed	by	the	participants.		273	
	274	
	 2.1.3	Procedure.		275	 All	participants	completed	three	blocks	(within-subject	design,	latin	square	randomized	276	 order	of	conditions).	Each	block	contained	an	encoding	phase,	followed	by	a	recognition-277	 test	phase.	The	order	of	the	trials	was	completely	randomized,	as	well	as	the	assignment	278	 to	a	location	in	space.	At	the	beginning	of	the	experiment,	participants	were	asked	to	put	279	 on	the	headphones	and	to	follow	the	instructions	on	the	screen.	Before	starting	with	the	280	 first	encoding	phase,	participants	completed	five	pre-learning	trials	to	learn	the	meaning	281	 of	two	symbols:	one	symbol	for	the	ahead	(*)	and	one	symbol	for	behind	(°).	One	of	the	282	 two	 symbols	 was	 presented	 on	 the	 screen	 and	 participants	 were	 asked	 to	 indicate	283	 vocally	 if	 this	 symbol	 represented	 ahead	 (“vorne”)	 or	 behind	 (“hinten”).	 Participants	284	 received	feedback	if	their	response	was	correct	or	not.		285	 	286	
	 Encoding	phase	During	the	encoding	phase,	participants	were	told	the	following	287	 (translated	from	German,	and	adopted	from	Saj	et	al.,	2013):		288	
“Imagine	that	certain	food	is	located	either	10	meter	behind	you	or	10	meter	ahead	of	you.	289	
In	 the	 following,	 you	 will	 learn	 which	 food	 is	 located	 behind	 and	 which	 food	 is	 located	290	
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ahead	of	you.	Food	that	 is	 located	behind	you	is	 indicated	with	a	(°),	 food	that	 is	 located	291	
ahead	of	you	is	indicated	with	a	(*).”	292	
	 The	 20	 items	 were	 then	 presented	 auditorily	 one	 at	 a	 time,	 in	 a	 randomized	293	 order,	 10	 of	 them	 accompanied	 with	 the	 symbol	 for	 “ahead”	 and	 10	 of	 them	294	 accompanied	 with	 the	 symbol	 for	 “behind”.	 To	 ensure	 the	 correct	 encoding	 of	 the	295	 associations,	 participants	 had	 to	 name	 the	 correct	 location	 and	 got	 feedback	 for	 each	296	 trial	 if	their	response	was	correct	or	not.	After	participants	had	heard	all	20	items	and	297	 named	their	location,	they	proceeded	to	the	recognition-test	phase.		298	 	299	
	 Recognition-test	phase	During	the	recognition	test,	participants	executed	one	of	300	 the	 movement	 conditions	 (blocked	 design:	 walking	 forward,	 walking	 backward,	301	 standing)	meanwhile	the	items	of	the	encoding	phase	were	again	presented	auditorily,	302	 one	 at	 a	 time	 (just	 as	 in	 the	 encoding	 phase,	 except	 that	 the	 items	 were	 presented	303	 without	the	symbol	on	the	screen	that	indicated	the	corresponding	temporal	 location).	304	 Participants	 were	 asked	 to	 indicate	 vocally	 whether	 the	 food	 belongs	 to	 the	 space	305	 behind	(“hinten”)	or	ahead	(“vorne”).	306	 	 The	 same	 procedure	 (including	 the	 encoding	 phase	 and	 the	 recognition-test	307	 phase)	was	 repeated	 three	 times	 in	 different	movement	 conditions,	 with	 new	 sets	 of	308	 items	(see	Appendix,	Table	1).		309	
	310	
	 2.1.4	Data	Analysis.	311	 Statistical	analyses	were	performed	with	R	(RStudio	Team,	2015).	Responses	that	were	312	 given	 previous	 to	 stimulus	 offset	 (=	 666	 after	 stimulus	 onset)	 or	 exceeding	 6000	ms	313	 were	excluded	from	all	analysis.		314	
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	 To	analyze	response	accuracy	(=	amount	of	“correct”	or	“incorrect”	per	condition	315	 and	 spatial/temporal	 association),	 a	 generalized	 linear	 mixed	 model	 with	 a	 binomial	316	 distribution	was	conducted	(glmer	function,	RStudio	Team,	2015),	 including	Subject	as	317	 random	factor.	P-values	of	the	main	effects	were	obtained	by	likelihood	ratio	tests	of	the	318	 effect	 in	question	 (Condition,	Response)	against	a	baseline	model	 (containing	only	 the	319	 random	effect	and	the	fixed	intercept).	P-values	of	the	interaction	effects	were	obtained	320	 by	 likelihood	 ratio	 tests	 of	 the	 effect	 in	 question	 (Condition	 *	 Response)	 against	 the	321	 same	model	without	the	interaction	term.	After	the	fitting	of	the	model,	the	correlation	322	 matrix	of	the	fixed	effects,	and	the	qqplot	of	the	random	effects	were	checked.		323	 	 To	analyze	response	times,	we	first	checked	if	response	times	are	correlated	with	324	 age,	 “Vividness	 of	 mental	 imagery”,	 trial	 number,	 or	 block	 number.	 To	 examine	 the	325	 hypothesized	 interaction,	 a	 linear	 mixed	 model	 was	 calculated	 (lme	 function,	 ML	326	 estimation,	RStudio	Team,	2015).	To	allow	for	the	within-group	errors	to	be	correlated,	327	 Subject,	Condition,	and	Response	were	included	as	random	factors.	P-values	of	the	main	328	 effects	 were	 obtained	 by	 likelihood	 ratio	 tests	 of	 the	 effect	 in	 question	 (Condition,	329	 Response)	against	 a	baseline	model	 (containing	only	 the	 random	effects	 and	 the	 fixed	330	 intercept).	P-values	of	the	 interaction	effects	were	obtained	by	 likelihood	ratio	tests	of	331	 the	 effect	 in	 question	 (Condition	 *	 Response)	 against	 the	 same	 model	 without	 the	332	 interaction	 term.	 Approximate	 normal	 distribution	 of	 the	 residuals	 was	 checked	 by	333	 plotting	fitted	values	against	standardized	residuals.		334	 	 Post	hoc	tests	were	conducted	by	single	t-tests	between	the	contrasts	of	interest	335	 (ahead	 vs	 behind	 in	 each	 condition),	 and	 Cohen’s	 d	 is	 reported	 as	 effect	 size.	 The	336	 significance	criterion	for	all	analyses	was	α	=	.05.			337	
	338	
2.2	Results	and	Discussion	Experiment	1	339	
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	 2.2.1	Answers.	340	 	 We	examined	whether	whole-body	movements	 influence	 the	amount	of	 correct	341	 answers	 for	 each	 spatial	 association.	 Responses	 that	were	 given	 previous	 to	 stimulus	342	 offset	 (=	 666	 after	 stimulus	 onset)	 or	 exceeding	 6000	 ms	 were	 excluded	 from	 the	343	 analysis	(=	2	%).		344	 	 For	 a	 summary	 of	 the	 results,	 see	 Fig.	 1.	 On	 a	 descriptive	 level,	 participants	345	 correctly	 recognized	 the	 same	 amount	 of	 “ahead”	 and	 “behind”	 items	 during	 each	346	 condition.	The	statistical	analysis	confirmed	that	the	frequency	of	correct	and	incorrect	347	 answers	of	“ahead”	and	“behind”	items	did	not	differ	between	conditions.	For	a	detailed	348	 description	of	the	model	and	the	model	outcome	see	Appendix,	Table	2.		349	
	350	
Figure	1.	 Average	number	of	 correct	 “ahead”	 and	 “behind”	 items	plotted	 for	 the	 three	351	 different	groups	(i.e.,	walking	conditions).	Error	bars	represent	standard	deviations.	352	 	353	
	 2.2.2	Response	times.		354	 	 Response	 times	 per	 answer	 and	 condition	 are	 plotted	 in	 Fig.	 2.	 There	 was	 no	355	 effect	of	Condition	χ²(1)	=	 .5,	p	=	 .78.	There	was	a	significant	main	effect	of	Response,	356	
χ²(1)	=	6.7,	p	=	 .01.	Response	times	of	correct	“behind”	 items	(M	=	1727	ms,	SD	=	589	357	
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ms)	were	faster	than	the	response	time	of	correct	“ahead”	items	(M	=	1810	ms,	SD	=	543	358	 ms).	 More	 important,	 the	 Response	 x	 Condition	 interaction	 marginally	 reached	359	 significance	χ²(1)	=	5.71,	p	=	.057.	For	a	detailed	description	of	the	model	and	the	model	360	 outcome	 see	Appendix,	 Table	 3.	 Visual	 inspection	 of	 residual	 plots	 did	 not	 reveal	 any	361	 obvious	deviations	 from	normality.	Post	hoc	 tests	revealed	 that	participants	answered	362	 significantly	faster	during	backward	walking	to	behind-related	stimuli	(M	=	1652	ms,	SD	363	 =	565	ms)	than	to	ahead-related	stimuli	(M	=	1837	ms,	SD	=	450	ms;	t(28)	=	2.65,	p	=	.01,	364	 Cohen’s	 d	 =	 .49),	 whereas	 during	 forward	walking	 and	 during	 standing	 the	 response	365	 times	to	behind-related	and	ahead-related	stimuli	did	not	differ.		366	 	 Neither	 trial	 number,	 block	 number,	 VVIQ2-score,	 nor	 age	 correlated	 with	367	 response	 times.	Further,	 to	 check	 if	 the	order	of	 conditions	 influenced	 the	 interaction,	368	 we	 included	order	 in	 the	 full	model	and	compared	 it	against	 the	model	without	order.	369	 Results	revealed	no	significant	influence	of	order.	370	
	371	
Figure	2.	Response	times	for	“behind”	and	“ahead”	 items	in	the	three	conditions.	Error	372	 bars	represent	95	%	within-subjects	confidence	intervals	appropriate	for	evaluating	the	373	 effect	of	movement	direction	within	participants.	374	 	 	375	
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	 In	 sum,	 results	 partly	 confirmed	 the	 hypothesis	 that	 whole-body	 movements	376	 influence	the	processing	of	space-related	stimuli:	Although	no	differences	were	found	in	377	 for	 accuracy,	 the	 analysis	 of	 the	 response	 times	 showed	 an	 interaction	 of	 movement	378	 condition	and	space-related	stimuli.	In	case	of	backward	walking,	the	difference	was	as	379	 expected:	The	responses	to	ahead-related	stimuli	during	backward	walking	were	slower	380	 compared	 to	 behind-related	 stimuli	 during	 backward	walking.	 Surprisingly,	 in	 case	 of	381	 forward	walking,	 there	was	 no	 difference	 between	 ahead-	 and	 behind-related	 stimuli.	382	 During	standing,	the	response	times	to	ahead-	and	behind-related	stimuli	did	not	differ	383	 (Fig.	 2).	 These	 results	 will	 be	 critically	 discussed	 in	 the	 general	 discussion.	 In	384	 Experiment	 2	we	 predicted	 similar	 effects	 of	movement	 direction	 on	 stimuli	 that	 are	385	 located	in	time	and	put	this	hypothesis	to	test.		386	
	387	
3.	Experiment	2	388	 	 In	Experiment	2,	we	examined	the	influence	of	walking	on	temporal	concepts.	To	389	 this	end,	in	an	encoding	phase,	participants	learned	object-time	associations	(e.g.,	apple	390	 –	past).	The	instruction	was	the	only	difference	between	Experiment	1	and	Experiment	391	 2:	 In	 Experiment	 1,	 participants	 were	 asked	 to	 remember	 the	 spatial	 location	 of	 the	392	 stimuli,	whereas	 in	 Experiment	 2,	 participants	were	 asked	 to	 remember	 the	 temporal	393	 location	 of	 the	 stimuli.	 In	 a	 following	 recognition-test	 phase	 participants	 vocally	394	 assigned	 objects	 to	 the	 previously	 learned	 location	 in	 time	 (past,	 future)	 while	395	 performing	 a	 whole-body	 movement	 condition.	 The	 procedure	 of	 encoding	 and	396	 recognition-test	 phase	 was	 repeated	 three	 times,	 with	 three	 different	 movement	397	 conditions	(walking	forward,	walking	backward,	or	standing	on	a	treadmill).		398	 	399	
3.1	Method	400	
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	 3.1.1	Participants.	401	 	 We	invited	the	same	amount	of	participants	into	the	lab	as	in	Experiment	1.	The	402	 total	sample	was	therefore	57	participants	(37	female).	The	mean	age	of	the	participants	403	 was	 23.6	 years	 (SD	 =	 4.82).	 	 Primary	 inclusion	 criteria	 for	 the	 participants	 were	 age	404	 between	18	and	65	and	no	health	restrictions	with	regard	to	their	walking	abilities.	All	405	 participants	were	 included	in	the	analysis	of	 the	answers.	To	ensure	data	quality,	only	406	 participants	 that	 achieved	 the	 required	 amount	 of	 at	 least	 50	%	 correct	 answers	 per	407	 condition	and	temporal	association	were	included	in	the	analysis	of	the	response	times	408	 (N	 =	35).	All	participants	provided	 informed	consent	and	were	 free	 to	withdraw	 from	409	 testing	at	any	time.	The	experiment	was	approved	by	the	ethical	committee	of	the	local	410	 institution.	411	
	412	
	 3.1.2	Apparatus	and	Stimulus.	413	 	 The	 apparatus	 and	 stimuli	 were	 the	 same	 as	 in	 Experiment	 1,	 with	 the	 only	414	 difference	being	 that	 in	Experiment	1	participants	were	asked	 to	associate	 the	objects	415	 with	a	location	in	space	(10	meter	in	ahead,	10	meter	behind),	whereas	in	Experiment	2	416	 participants	were	asked	to	associate	the	objects	with	a	location	in	time	(10	years	in	the	417	 past,	10	years	in	the	future).		418	 	419	
	 3.1.3	Procedure.		420	 	 The	 procedure	 was	 the	 same	 as	 in	 Experiment	 1.	 Yet,	 the	 instructions	 in	 the	421	 encoding	phase	and	recognition-test	phases	were	modified	as	follows:	422	 	423	
	 Encoding	phase	During	the	encoding	phase,	participants	were	told	the	following	424	 (translated	from	German,	and	adopted	from	Saj	et	al.,	2013):		425	
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“Imagine	 you	are	 an	 actor,	 learning	 the	 characteristics	 of	 a	 fictive	 personality.	 10	 years	426	
back	in	the	past	you	liked	certain	foods.	10	years	in	the	future	you	will	like	certain	foods.	In	427	
the	following	you	will	learn,	which	foods	you	liked	in	the	past	and	which	foods	you	will	like	428	
in	 the	 future.	 To	 which	 time	 the	 food	 belongs	 is	 indicated	 by	 the	 symbols	 you	 already	429	
learned:	Food	that	you	liked	in	the	past	is	indicated	with	a	(°)	and	food	that	you	will	like	in	430	
the	future	is	indicated	with	a	(*).”		431	 	 		432	
	 Recognition-test	phase	The	recognition	test	was	equal	to	Experiment	1,	with	the	433	 only	 difference	 being	 that	 in	 Experiment	 1	 participants	 vocally	 indicated	 whether	 an	434	 item	belongs	 to	 the	 space	 behind	 (“hinten”)	 or	 the	 space	 ahead	 (“vorne”),	whereas	 in	435	 Experiment	 2	 participants	 vocally	 indicated	 whether	 an	 item	 belonged	 to	 the	 past	436	 (“Vergangenheit”)	or	the	future	(“Zukunft”).	437	 	 		438	
	 3.1.4	Data	Analysis.		439	 	 Statistical	analyses	were	identical	to	Experiment	1.		440	
	441	
3.2	Results	and	Discussion	Experiment	2	442	 	 3.2.1	Answers.	443	 	 We	examined	whether	whole-body	movements	 influence	 the	amount	of	 correct	444	 answers	for	each	temporal	association.	Responses	that	were	given	previous	to	stimulus	445	 offset	 (=	 666	 after	 stimulus	 onset)	 or	 exceeding	 6000	 ms	 were	 excluded	 from	 the	446	 analysis	(=	1.3	%).		447	 	 For	a	summary	of	the	results,	see	Fig.	3.	The	statistical	analysis	revealed	that	the	448	 frequency	of	 correct	 and	 incorrect	 answers	 of	 “future”	 and	 “past”	 items	did	not	 differ	449	
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between	conditions.	For	a	detailed	description	of	the	model	and	the	model	outcome	see	450	 Appendix,	Table	4.		451	 	452	
	453	
Figure	 3.	 Average	 number	 of	 correct	 “future”	 and	 “past”	 items	 plotted	 for	 the	 three	454	 different	groups	(i.e.,	walking	conditions).	Error	bars	represent	standard	deviations.	455	 	456	
	 3.2.2	Response	times.		457	 	 Response	 times	 per	 answer	 and	 condition	 are	 plotted	 in	 Fig.	 4.	 There	 was	 a	458	 significant	main	effect	of	Condition,	χ²(1)	=	9.83,	p	=	 .007.	Post	hoc	tests	revealed	that	459	 mean	response	time	during	walking	backward	(M	=	1748	ms,	SD	=	493	ms)	was	slower	460	 than	the	mean	response	time	during	standing	(M	=	1630	ms,	SD	=	415	ms).	There	was	461	 also	a	main	effect	of	Response,	χ²(1)	=	6.08,	p	=	.01.	The	mean	response	time	of	correct	462	 “past”	 items	 (M	 =	 1660	ms,	SD	 =	 444	ms)	was	 faster	 than	 the	mean	 response	 time	of	463	 correct	“future”	items	(M	=	1716	ms,	SD	=	481	ms).	464	 	 More	important,	the	Response	x	Condition	interaction	was	significant	χ²(1)	=	6.7,	465	
p	=	 .04.	For	a	detailed	description	of	 the	model	and	 the	model	outcome	see	Appendix,	466	 Table	5.	Visual	 inspection	of	residual	plots	did	not	reveal	any	obvious	deviations	 from	467	
0.0
2.5
5.0
7.5
10.0
backward forward standing
Condition
Am
ou
nt
 o
f c
or
re
ct 
ite
m
s (
m
ea
n)
Response
future
past
WALKING	BACK	TO	THE	FUTURE		
	 21	
normality.	Post	hoc	tests	indicated	that	participants	answered	significantly	faster	during	468	 backward	walking	 to	past-related	stimuli	 (M	=	1676	ms,	SD	=	385	ms)	 than	 to	 future-469	 related	 stimuli	 (M	 =	 1820	 ms,	 SD	 =	 453	 ms;	 t(35)	 =	 3.59,	 p	 =	 .001,	 Cohen’s	 d	 =	 .6),	470	 whereas	 during	 forward	 walking	 the	 response	 times	 to	 behind-related	 and	 ahead-471	 related	stimuli	did	not	differ.		472	 	 Neither	 trial	 number,	 block	 number,	 VVIQ2-score,	 nor	 age	 correlated	 with	473	 response	 times.	Further,	 to	 check	 if	 the	order	of	 conditions	 influenced	 the	 interaction,	474	 we	 included	order	 in	 the	 full	model	and	compared	 it	against	 the	model	without	order.	475	 Results	revealed	no	significant	influence	of	order.		476	
	477	
Figure	4.	Response	times	for	“past”	and	“future”	items	in	the	three	conditions.	Error	bars	478	 represent	 95	 %	 within-subjects	 confidence	 intervals	 appropriate	 for	 evaluating	 the	479	 effect	of	movement	direction	within	participants.		480	 	 	481	 	 In	 sum,	 results	 partly	 confirmed	 the	 hypothesis	 that	 whole-body	 movements	482	 influence	the	processing	of	time-related	stimuli:	Although	no	differences	were	found	in	483	 the	 answer	 direction	 of	 the	 incorrect	 answers,	 the	 analysis	 of	 the	 response	 times	484	 showed	 an	 interaction	 of	 movement	 condition	 and	 time-related	 stimuli.	 In	 case	 of	485	
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backward	 walking,	 the	 interaction	 was	 as	 expected:	 The	 responses	 to	 future-related	486	 stimuli	during	backward	walking	were	slower	compared	to	past-related	stimuli	during	487	 backward	 walking	 (and	 also	 slower	 compared	 to	 all	 other	 time-movement	488	 combinations).	 Surprisingly,	 in	 case	 of	 forward	 walking,	 there	 was	 no	 difference	489	 between	future-	and	past-related	stimuli.	These	results	will	be	critically	discussed	in	the	490	 general	 discussion.	 During	 standing,	 the	 response	 times	 to	 future-	 and	 past-related	491	 stimuli	did	not	differ	(Fig.	4).	492	
	493	
	 4.	General	discussion:	494	 	 This	 study	 investigated	 the	potential	 impact	 of	movements	on	 the	 activation	of	495	 spatial	 and	 temporal	 concepts.	 Based	 on	 Lakoff	 and	 Johnson’s	 conceptual	 metaphor	496	 theory	 (1980)	 that	 states	 that	 temporal	 concepts	 are	 understood	 in	 terms	 of	 spatial	497	 concepts,	 and	 theories	 of	 embodied	 cognition	 (Shapiro,	 2011),	 we	 predicted	 that	498	 directional	movements	should	systematically	activate	specific	spatial	concepts	as	well	as	499	 specific	temporal	concepts:	Forward	walking	should	activate	ahead-	and	future-related	500	 concepts,	whereas	backward	walking	should	activate	behind-	and	past-related	concepts.	501	 To	test	this,	we	invited	participants	to	walk	forward,	backward,	or	stand	on	a	treadmill	502	 and	 examined	 whether	 walking	 in	 either	 direction	 changed	 their	 processing	 of	503	 previously	 learned	 space-related	 (Experiment	 1,	 “behind”	 or	 “ahead”)	 or	 time-related	504	 (Experiment	2,	“past”	and	“future”)	stimuli.		505	 	 In	Experiment	1,	results	showed	an	incongruence	effect	of	directional	movements	506	 on	 space-related	 stimuli:	 During	 backward	 walking,	 “behind”	 stimuli	 were	 processed	507	 faster	than	“ahead”	stimuli.	During	forward	walking	and	during	standing	there	were	no	508	 differences	 between	 the	 processing	 speed	 of	 “behind”	 and	 “ahead”	 stimuli.	 In	509	 Experiment	 2,	 results	 showed	 the	 same,	 selective	 incongruence	 effect	 of	 directional	510	 movements	 on	 time-related	 stimuli:	 during	 backward	 walking,	 “past”	 stimuli	 were	511	
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processed	 faster	 than	 “future”	 stimuli.	 During	 forward	 walking	 and	 during	 standing	512	 there	were	no	differences	between	the	processing	speed	of	“past”	and	“future”	stimuli.	513	 The	similar	 incongruence	effect	of	backward	walking	and	processing	 space-	and	 time-514	 related	 stimuli	 indicates	 that	 directional	 (backward)	movements	 can	 activate	 specific	515	 spatial	concepts	as	well	as	specific	temporal	concepts.		516	 	 The	present	 results	 are	 consistent	with	 the	general	notion	 that	our	 concepts	of	517	 space	and	time	are	linked	(Eikmeier	et	al.,	2013;	Lakoff	&	Johnson,	1980)	and	that	these	518	 concepts	 interact	 with	 sensorimotor	 processes	 (Shapiro,	 2011).	 Specifically,	 in	 the	519	 present	 experiments,	 the	 processing	 of	 stimuli	 that	 were	 located	 ahead	 or	 behind,	 in	520	 space	 (Experiment	 1)	 or	 time	 (Experiment	 2)	 was	 compared	 during	 forward	 and	521	 backward	 walking.	 The	 advantage	 of	 the	 present	 study	 is	 that	 the	 effect	 was	522	 independent	 of	 the	 stimuli	 per	 se,	 because	 the	 spatial	 (Experiment	 1)	 and	 temporal	523	 (Experiment	2)	stimuli	were	equal	and	the	difference	was	only	in	the	association	of	the	524	 respective	 concepts:	 participants	 associated	 stimuli	with	 either	 spatial	 (Experiment	1:	525	 behind,	ahead)	or	temporal	(Experiment	2:	past,	future)	concepts.	In	both	experiments,	526	 the	backward	movement	had	an	effect	on	the	processed	concepts,	whereas	the	forward	527	 movement	had	no	effect.	Why	did	only	active	backward	motion	effect	the	processing	of	528	 space-	and	time-related	concepts?	529	 	 A	 possible	 explanation	 for	 this	 rather	 selective	 effect	 might	 be	 related	 to	 the	530	 different	levels	of	familiarity	with	different	walking	conditions,	i.e.	walking	forward	and	531	 walking	backward.	We	normally	walk	forward	in	our	daily	lives,	therefore	we	are	very	532	 familiar	with	actively	walking	forward	(or	being	passively	moved	forward,	e.g.	in	a	car)	533	 and	 processing	 all	 types	 of	 spatial	 and	 temporal	 concepts	 at	 the	 same	 time.	Walking	534	 backward	 is	much	more	 unfamiliar,	 and	 therefore	 the	 activation	 of	 a	 somehow	more	535	 general	 concept	 of	 space	 or	 time	 located	 behind	 or	 in	 the	 past	 might	 be	 larger	 than	536	
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compared	to	forward	walking.	In	several	experiments	and	a	theoretical	discussion	about	537	 grounded	congruency	effects,	Lebois,	Wilson-Mendenhall,	and	Barsalou	(2015)	highlight	538	 the	 fact	 that	 certain	 features	 of	 concepts	 become	 dynamically	 active	 only	 when	 the	539	 context	 makes	 them	 salient.	 Our	 results	 may	 support	 this	 theoretical	 claim	 about	540	 grounded	congruency	effects,	as	less	familiarity	and	therefore	less	automaticity	is	one	of	541	 the	factors	that	are	able	to	make	a	certain	feature	of	a	concept	more	salient.		542	 	 Another	consequence	coming	along	with	the	fact	that	walking	backward	is	more	543	 unfamiliar	 to	 us	 than	 walking	 forward	 is	 that	 we	 have	 to	 pay	 more	 attention	 to	 the	544	 walking	 itself	when	we	walk	backward.	This	 leads	 to	an	alternative	explanation	of	 the	545	 results:	Instead	of	embodied	effects,	results	may	reflect	a	more	general,	task-dependent,	546	 stimulus-response	 compatibility,	 driven	 by	 the	 focus	 of	 attention	 (Stoffer,	 1991).	547	 Although	 this	 importance	 of	 attentional	 focus	 is	 reasonable	 for	 Experiment	 1,	 where	548	 participants	 had	 to	 associate	 objects	 with	 spatial	 locations,	 it	 does	 not	 hold	 for	549	 Experiment	2,	where	participants	had	to	associate	objects	with	temporal	 locations.	The	550	 incongruence	effect	in	Experiment	2	is	only	explicable	with	a	strong	connection	between	551	 space	 and	 time	 and	 not	 solely	 with	 a	 diverging	 locus	 of	 attention.	 Nevertheless,	 to	552	 disentangle	 and	 to	 quantify	 the	 differential	 influence	 of	 movement	 familiarity	 and	553	 attentional	 focus	on	incongruence	effects,	 future	studies	could	manipulate	both	factors	554	 to	different	degrees.	To	test	if	the	focus	of	attention	is	the	crucial	factor,	one	could	think	555	 about	e.g.	adding	a	cognitive	task	that	varies	in	attentional	load.	If	movement	familiarity	556	 is	the	crucial	aspect	for	the	emergence	of	the	rather	selective	incongruence	effect,	then	557	 the	 effect	 should	 decline	 with	 increasing	 experience	 in	 backward	 walking.	 One	558	 possibility	would	be	 implementing	different	amounts	of	 training	sessions	 in	backward	559	 walking	or	testing	an	expert	population	that	is	more	familiar	with	backward	walking	–	560	 e.g.	experts,	who	practice	“running	backwards”	as	competitive	sport.		561	
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	 Next	 to	 the	 theoretical	 discussion,	 some	 methodological	 issues	 deserve	 to	 be	562	 discussed	in	more	detail.	First,	we	decided	to	maintain	a	high	data	quality	by	setting	the	563	 inclusion	 criteria	 to	 at	 least	 five	 correct	 responses	 in	 every	 condition	 and	564	 spatial/temporal	 association	per	participant.	 This	 resulted	 in	 a	 high	drop-out	 rate.	 To	565	 avoid	a	high	drop-out	rate,	in	further	investigations,	one	could	think	about	taking	stimuli	566	 that	inherently	belong	to	the	future	or	the	past	(e.g.,	“childhood”,	“World	War	III”.)	One	567	 argument	 against	 stimuli	 that	 inherently	 belong	 to	 the	 future	 or	 the	 past	 is	 that	 only	568	 very	 few	words	exist	 that	 inherently	belong	 to	a	space	 in	ahead	or	behind	(exception:	569	 the	 words	 “ahead”	 and	 “behind”	 itself,	 or	 body-related	 words	 as	 “nose”	 or	 “spine”),	570	 which	would	make	 a	 direct	 comparison	 of	 spatial	 and	 temporal	 associations	 difficult.	571	 Another	argument	against	this	kind	of	stimuli	is	that	it	is	almost	impossible	to	keep	the	572	 words	 equally	 long,	which	 complicates	 the	 interpretation	 of	 response	 times	 (Lewis	&	573	 Frank,	2016).	Although,	based	on	the	reasons	named	above	we	decided	against	stimuli	574	 that	 inherently	belong	to	the	future	or	past	 in	the	study	at	hand,	 future	studies	should	575	 investigate	 the	 differential	 influence	 of	 directional	 movements	 on	 inherently	 time-576	 related	stimuli.		577	 	 The	 implications	 of	 the	 notion	 that	 temporal	 concepts	 are	 embodied,	 which	 is	578	 reflected	 in	 the	 present	 study	 by	 an	 incongruence	 effect	 between	 real	 movement	579	 direction	 and	 abstract	 temporal	 representation,	 requires	 further	 examination.	 For	580	 example,	 besides	 the	 assumption	 that	 abstract	 concepts	 are	 built	 on	 concrete	581	 sensorimotor	experiences,	 embodied	 cognition	 theories	 (e.g.,	 Shapiro,	2011)	assume	a	582	 bidirectional	 link	between	sensorimotor	and	cognitive	processes.	To	 investigate,	 if	 the	583	 assumption	 of	 bi-directionality	 also	 holds	 for	 abstract	 concepts,	 a	 fruitful	 route	 for	584	 future	 studies	 is	 to	 investigate,	 if	 the	 activation	of	 specific	 spatial	 as	well	 as	 temporal	585	
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concepts	 influences	 movement	 parameters	 such	 as	 movement	 time	 or	 movement	586	 distance.		587	
	588	
	 5.	Conclusion	589	 First,	the	present	results	support	the	general	notion	that	our	concepts	of	space	and	time	590	 are	 linked	 (Eikmeier	 et	 al.,	 2013;	 Lakoff	 &	 Johnson,	 1980)	 and	 that	 these	 concepts	591	 interact	 with	 sensorimotor	 processes	 (Shapiro,	 2011).	 Second,	 although	 directional	592	 movements	did	not	lead	to	more	correct	answers	of	space-	or	time-related	stimuli	that	593	 were	 located	 in	 the	same	direction,	directional	movements	 led	to	 faster	response	time	594	 with	space-	or	time-related	stimuli	that	were	located	in	the	same	direction.	Importantly,	595	 the	activation	of	 a	 spatial/temporal	 concept	by	means	of	whole-body	movements	was	596	 specific	to	the	movement	direction.	In	two	experiments,	backward	walking	affected	the	597	 processing	 of	 spatial/temporal	 concepts,	 whereas	 forward	 walking	 did	 not	 affect	 the	598	 processing	 of	 spatial/temporal	 concepts.	 These	 results	 add	 evidence	 to	 previous	599	 research	 showing	 a	 similar,	 selective	 effect	 of	 passive	 backward	 movement	 on	 time-600	 related	 stimuli	 (Hartmann	 &	Mast,	 2012).	 Further,	 new	 questions	 arise	 about	 factors	601	 that	might	moderate	the	impact	of	movements	on	the	processing	of	spatial	and	temporal	602	 concepts,	 as	 for	 example	 the	 degree	 of	 movement	 familiarity.	 On	 a	 practical	 level,	 it	603	 might	 be	 conceivable	 to	 combine	 directional	 whole-body	 movement	 and	 associated	604	 abstract	representations	to	activate	past-related	objects.		605	 	606	
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